This paper investigates the forces that lead some firms to engage in more innovative activities than others using a survey of 360 large Australian firms. Many earlier studies on the determinants of innovation followed the Schumpeterian tradition, and focused on size and market structure as possible causes of innovativeness, however with the event of new qualitative measures of industry knowledge and managerial styles, these factors have been found to be less important. The results of the present study show that external factors and generic routines common to all industries, such as the extent of learning, knowledge spillovers, appropriability and managerial approach are more important than industry specific forces. Foreign owned companies were also found to be more innovative, other things considered.
Introduction
There are several (non-exclusive) motivations for firms to engage in innovation.
Innovations can reduce production cost, increase the quality of products, capture or create new product markets and reduce the firm's reliance upon unreliable or capricious factors of production. In general, any innovation that gives the firm a sustained cost or demand-side advantage over its rivals should enhance its profitability. This paper investigates the forces that lead some firms to decide to engage in more innovative activities than others and examines the types of routines associated with this decision. There have been few attempts to address this question, perhaps because of the unusual demands on the data (recent examples include Beneito 2003 and Galende and de la Fuente 2003; see Cohen 1995 for a discussion). The present paper does not consider final profitability outcomes nor does it assume a positive monotonic relationship between innovation and performance. Innovation is an inherently risky business and more innovative activities, or certain forms of innovation, may be debilitating in differing circumstances. Lack of innovation may accordingly be a well chosen decision by a firm and may be entirely appropriate given its operating environment and internal capabilities. Notwithstanding this, successful innovation, compared with no innovation at all, can be the key to a strong market position and high profits. Doing nothing may not be an option.
It is argued that the conditions under which innovation is desirable for firms will vary according to external pressures and constraints (the nature of its input and output markets, its production processes, knowledge spillovers), and, its inherited internal capabilities (principally via the skills and accumulated experience of its workforce). Once management has identified the desired balance between innovative and prosaic activities, it may seek to realise it through routines associated with certain styles of management, the nature of the work culture in relation to learning and appropriation.
Innovation, which is '…to introduce changes and new ideas' 1 can refer to changes and ideas which are new to the world (an invention) or new to a firm (inventions, imitations and adaptations). This paper uses the second, broader meaning. Both inventions and imitations and adaptations affect firm performance, and it is likely that the latter are complementary activities to the former. In this paper, therefore, a more innovative firm is either more creative and original or quicker to keep abreast of competitors and to modernise their operations.
The subsequent sections of this paper discuss first, the general approaches to theories of firm behaviour, and secondly a specific model characterising the innovation choice.
Subsequently, the model is estimated using data from a survey that was undertaken, in three stages, between October 2001 and December 2002.
Models of firm behaviour
The decision by the firm to innovate should be regarded in the light of what firms aim to do. Profit orientated firms aim to improve their operational efficiency to reduce costs, and through broadening their market reach, expand their revenues. Both goals are achieved through decisions over the mix and level of their physical and human technologies (including organisational forms), and both goals must be cognisant of gains from both static production efficiency and dynamic innovation.
Neoclassical theories of firm behaviour have little to say about the determinants of these innovative improvements. The standard 'theory of the firm' is essentially concerned with the pricing and factor use decisions and makes no direct comment about investment intentions.
Jorgenson's (1971) prototype neoclassical investment model only represents decisions which have been motivated by the need to extend productive capacity. This is a peripheral motive for innovation investments which are more concerned with the need to compete and contain business uncertainty or actuarial risk. Game theory explicitly models the innovation decision but it assumes a large amount of certainty in relation to the innovation and invention process such as the outcomes of invention, rival responses and invention costs. For many people, this assumes away critical features of invention and innovation.
Evolutionary models, which owe many foundations to Nelson and Winter (1982) , are perhaps more apposite. These argue that industries, or groups of rival firms, evolve through a process involving the creation of variety (through industrial invention), inheritance (through the persistent of each firm's routines and behavioural norms) and selection (through competition and market exit). The evolution of industries requires continual cycles of invention, inheritance and selection.
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Firms embrace routines and make decisions based on rules of thumb in response to behavioural or fundamental uncertainty 3 in both external markets and the firm's internal processes. According to Hodgson, (1999; p 260) 'In the context of an uncertain world the analysis of human behaviour has to be centred on the development of capabilities to deal with complexity and change, and on the modes of generation and transmission of knowledge about the socio-economic environment'.
These procedures for profit making arise from the firm's acquired skills and accumulated experience, intangible assets, history of innovation, and modus operandi. External pressures are influential, but not absolute as in the neoclassical model. What appears the best strategy ex ante will not necessarily work out the best ex post, because of bounded rationality and the fundamental uncertainty of the business world (Hall 1994) . This process of path dependency and managerial latitude leads to diversity between firms not present in the neoclassical models.
While the evolutionary approach emphasises the more germane aspects the innovation process, its reliance upon path dependent activities and outcomes makes it more difficult to model and estimate. Nonetheless, the following sections devise and test a model to capture certain features associated with the routines used by firms which pursue more innovative strategies.
A model of the decision to innovate
In determining their profit seeking strategy firms will implicitly, if not explicitly, make a decision about the relative emphasis they give to improving static operational efficiency against improving their dynamic efficiency. The greater emphasis laid on the latter, the more innovative the firm. While non-systematic individual factors are relevant in this decision, systemic extra-firm factors associated with the prevailing technology, and technological opportunities in their product area, and given external market circumstances are also expected to have some bearing (see both the theoretical (Nelson 1959 , Schmookler 1966 , and Dosi 1988 ) and applied studies (Arvanitis and Hollenstein 1996 , Crepon et al. 1996 , Geroski and Walters 1995 . These decisions will involve choice over the physical and human technologies employed by the firm. By the latter, we mean the skill mix of the workforce, the structure of information and decision making and the extent of cooperative work within the production line.
Under the evolutionary model of firm behaviour, the decision over how actively innovative activities will be pursued, will be accompanied by a series of routines and practices that support and nurture these activities. These routines are generally stable over time, only breaking in response to a large stimulus. It is this inertia in routines that ensures that the 'selected' efficient companies, continue to operate efficiently (Hodgson 1999) .
Routines complementary to innovative activities
While it is not possible to generalise about specific routines and rules of thumbs used for decision making in firms, it may be possible to speak of generic styles associated with those routines. These may include managerial attitudes, the modes of communication within the organisation, the level of encouragement given to staff to learn about new products and processes, and the deployment of means to appropriate profits that may accrue from new products and processes. The use and effectiveness of these complementary practices is a discretionary managerial decision, but is also subject to constraints external to the firm. For example, how effective patents are for protecting new products depends both on how patentable the product is and how many resources the company devotes to establishing and defending its patent.
The use of effective means of appropriating returns is perhaps the strongest and most cited force associated with the inventive or innovation decisions in the literature, whether this is through extensive use of patents and secrecy -forces discretionary to the firm -or, through less directly malleable forces such as company size, market concentration is still under debate (see Felder et al. 1996 , Kleinknecht 1996 for example).
In this paper, we test a model of both the external factors affecting the innovative decision and the internal routines that accompany this decision using firm level data. While there have been several formalised theoretical models to describe the evolution of firms and industries based on rules regarding rates of invention and imitation (i.e. Iwai 1984 , Winter 1984 , Winter et al. 2003 , the types of routine employed by firms, being more fuzzy concepts, appear less amenable to such precise modelling. Accordingly, a very generic model will be used, and estimated using non-linear least squares.
The data: The Melbourne Institute Business Survey
Data was derived from a business survey of large Australian firms during the period from October 2001 to December 2002. The largest 1000 enterprises (by total revenue) were chosen from the IBISWorld enterprise database in each of the two years, and subsequent to initial calls, 1466 surveys were mailed out, with 436 useable surveys returned from unique organisations. This is a response rate of 21.8 per cent (or 29.7 per cent of the mailed out surveys), which is consistent with surveys of this type (see for example, Huselid 1995 , Covin et al. 2001 . Descriptive statistics for the organisations are given in Table 1 , which presents the major industry categories, location and employment size of the organisations in our survey. More than a quarter of organisations were located in manufacturing, with the next highest proportion represented by finance and insurance, wholesale trade, and property and businesses services. Importantly however, the distribution of responses across characteristics does not differ markedly from the initial selected population, implying that the responses should not be biased towards a particular group. 4 This is confirmed by the regression analysis which found no support for the hypothesis that there has been a selection bias in the responding firms based on industry and company type.
Respondents were asked to answer using a seven-point Likert scale with the anchors 1=strongly disagree and 7=strongly agree. Perceptual measures permit comparisons across very different organisations and industries and are easy to collect because they place fewer burdens on respondents than administrative or factual entries. However, they contain a subjective element and thus an undefined error and it would be unwise to over interpret the findings.
Similar to other studies of this type (see for example Arvanitis 2002 , Hollenstein 2002 , the majority of variables used in this paper are constructed using a data reduction method and do not rely upon a single variable. The use of a single variable is unlikely to adequately measure the underlying latent construct of interest, such as the level of innovation within the firm, or the management style adopted. However, we do not want to use a data reduction method that will exclude cases if there is a single missing response. Accordingly, we used factor analysis to select from a list of items (single questions) which we believed measured our concept. We only kept those items with factor loadings above 0.25. We then constructed variables as the average value of the selected items. Accordingly, while factor analysis has been used to accept or reject specific questions to be included as part of a variable, the actual variable is a simple average of the non-missing questions. 5 Because the variables are averages of up to 16 items, they are very like continuous variables bounded between 1 and 7.
Developing variable measures from the data
Following the discussion above, item questions from the survey questionnaire and the IBISWorld data base have be used to devise measures of:
1. The innovativeness of the chosen human technology.
2. The external conditions that influence the emphasis firms place on innovation compared with static efficiency: physical technology, corporate structure and size, external product market conditions, external labour market conditions and the extent of knowledge spillovers from competitor firms. No measures were available for the pre-existing capabilities of the firm. 3. The routines that complement this choice: management style and communication techniques, the effectiveness of avenues for learning and the effectiveness of means of appropriability. Table 2 presents a summary of the selected measures. The innovation mode, is defined by the priority given by the organisation to innovation and the state-of-the-art developments. This included managers' rating on the 1 to 7 scale of: resources devoted to organisational change and other firms' technologies over the past three years; how often new or modified products have been introduced over the past three years; the extent to which firm produces a continuous stream of state-or-art products; the extent to which firm was first to the market with new products; and the extent to which the firm responded to early market signals concerning new opportunities. 7 While this measure of innovation includes information on R&D expenditures, it does not rely upon R&D expenditure explicitly because of frequent under-reporting in accounting data, especially for medium size companies, and concerns about consistency of definition between firms. Empirical studies which rely solely upon accounting R&D data have been found to get unreliable results (Kleinknecht 1996 know-how and capabilities and product and production complexity (adapted from Levin et al. 1987 ).
Descriptive analysis
Given that most of the measures devised for the model have been ordinally enumerated, it makes little sense to present absolute descriptive data as only the distributions convey information. The following three figures present histograms (of the average summated scores) for three key variables: the innovation intensity, the extent of learning within each firm from the specified sources and the extent to which the firm appropriates returns from its process advantages. A normal distribution has been overlaid on the figure for comparative purposes. These figures show each variable has an approximately bell shaped distribution.
Figures 1, 2 and 3 about here

Estimated effects
Specifying the model
The preceding discussion implies that the intensity of innovativeness is determined by the external conditions (contained in the vector z) and fashioned by the complementary routines (in vector x). Since by construction, the measure I is bound between 1 and 7, it has been modelled as a logistic function. Assuming i υ represents an i.i.d. error term, this gives:
(1) where I is the measure of innovativeness and i represents the individual organisation.
Equation (1) 
Regression results
Results from the non-linear estimation of (1) using the full specification of the model is presented in the first two columns of data in Table 3 . The last two columns present the significant variables only. Table 4 presents a written summary of these significant results.
One of the major shortcomings from using measure based on Likert scales it that it is not possible to interpret the size of the estimated coefficients other than by comparison with other variables measured in the same way. However, these scales do enable researchers to assess whether a variable has a statistically significant relationship, once other factors are controlled for, and whether that association is direct or inverse. A further consideration to bear in mind when interpreting these results is the possible endogeneity of some variables which our model treats as partly exogenous to the innovation decision. Market volatility and firm size are possible contenders here. Innovativeness may cause, not result from market volatility and ditto for firm growth. The lack of time series and historic variables in the data set are an unfortunate limitation of this study.
Nonetheless, given the shortcomings imposed by the cross-sectional nature of the data, the findings are suggestive and not counter-intuitive. Table 3 reveals that investment in new physical capital is likely to be a complement to, or determinant of, the companies' innovation stance. More innovative companies also spend more on new physical capital goods. Few of the variables that described the corporate structure were shown to influence innovation.
Foreign owned companies were found to be more innovative, ceteris paribus. The smaller of the companies in our large company population (medium companies) were associated with higher levels of innovation, although this effect was only apparent when many of the insignificant variables were dropped (this effect is also found in Martinez-Ros and Labeaga
2002).
9 This is not similar to the empirical findings of Brouwer and Kleinknecht (1996) , and Felder et al. (1996) , who report that the largest companies compared with medium-size companies are not only more likely to invent, but also spend more on inventive activities.
Foreign companies, were more likely, all other things considered, to be innovative, perhaps reflecting the greater ease of technology transfer from the overseas branches of the company.
In the final estimation, wholesale trade was significantly more innovative than the average industry and accommodation, cafes and restaurants; health and community services and construction were significantly less innovative. If the dependent variable is regressed on the industry dummies only, many were found to be significant but once account is taken of the other variables -being systematic features common to all the industries -they lose significance. Several of the qualitative measures of the nature of the industry were however significant. Firms operating in more volatile product markets adopted a significantly more innovative mode of production than other firms. More contestability in the firm's markets (in terms of ease of entry and concentration) was associated with less innovation. Overseas empirical work for the importance of non-price competition is mixed (Arvanitis and Hollenstein 1996) and there is mixed evidence that market structure, such as concentration and contestability, matter (Arvanitis and Hollenstein 1996 , Crepon et al. 1996 , Geroski and Walters 1995 , Felder et al. 1996 Most of the hypothesised complementary internal routines were found to have a significant association with the firm's innovation mode. More flexible styles of management and more aggressive managerial approaches were significantly associated with more innovative modes of production. Additionally, and not surprisingly, the more innovative firms claimed that they were more likely to have learned about new product and processes from networks, meetings, hiring skilled workers and licenses, and so on. Studies from Europe have found consistent support for a positive relationship between the differing measures of the extent of learning and innovation (Hollenstein 2002, Arvanitis and Hollenstein 2001) . Finally, effective use of different ways to protect product and process innovations was related to the firm's innovative stance. Measures of firms' abilities to appropriate the returns from their inventions have shown in previous studies to have a positive, reliable and robust effect on the intensity of innovation (Cohen 1995 , Arvanitis and Hollenstein 1996 , Arvanitis and Hollenstein 2002 .
Conclusion
Many earlier studies on the determinants of innovation followed the Schumpeterian tradition, and focused on size and market structure as possible causes of innovativeness, however with the event of new qualitative measures of industry knowledge and managerial styles, these factors have been found either to be less important. Furthermore, our results, and those emanating from overseas over the last few years, are also showing that factors common to all industries, such as the extent of learning, knowledge spillovers, appropriability and managerial style, are arguably more important than industry specific forces. Among all the independent variables that were measured on the Likert scales -and thus can in some sense be compared -knowledge spillovers and managerial aggression had much higher coefficients (by a multiple of more than 4) meaning that these two attributes are the most important complementary routines.
Our results suggest that company policy makers who believe that industry levels of innovation, in the sense of invention, imitation and adoption, is too low, should consider enhancing the effectiveness of avenues for learning, drawing upon industry knowledge spillovers and developing the private means by which firms protect the advantages arsing from their innovations. Becoming a more innovative firm does not mean spending more money on innovative activities. It also requires a set of complementary managerial and work practices within the organisation. 1 Cambridge International Dictionary of English 2 See also Hodgson (1999 ), Cantwell Fagerberg (2003 , Dosi et al. (1999) . 3 Uncertainty is the '...plurality of those descriptions of the future which the decision-maker looks upon in some degree, as possible' (Shackle 1961-62: 86) . Uncertainty excludes actuarial risks (Knight 1921, especially 321 and Keynes 1937) . The outcome of a proposed action is considered risky if it arises from situations (or classes of situations) that occur with such frequency that one is able to derive a reliable contingent frequency table for possible outcomes. Fundamentally uncertain outcomes, however, arise from situations, which are so singular, or unlike past cases that no estimate, which is meaningful or reliable ex post, can be made. 4 The main exceptions are: a slight over-representation of manufacturing, finance and insurance and education, with a corresponding under-representation of organisations from wholesale trade; and an over-representation of respondents from the larger firms, as measured by the number of employees. 5 Where appropriate, the 1 to 7 scales were reversed to order items in a consistent direction. All a priori innovation items were included in its summated scale. 6 A recent UK study by Athreye (2001) found supporting evidence for the influence of internal accumulated capabilities. 7 The precise questions are "During the past 3 years, how many resources (time, money and labour) were devoted to: organisational change (e.g. restructuring, changes in work practices); and technology developed by others (e.g. patents, trademarks, licenses)." "How innovative has your organisation been in the past 3 year with respect to: new lines of products or services and minor changes in product or service?" "To what extent do these describe your organisation's competitive strategy? It produces a continuous stream of state-of-the-art products/services; it is 'first to market' with new products/services; and it responds to early market signals concerning areas of opportunity".
